The AKT Manifesto by O'Hara, Kieron et al.
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This  is  the  background  to  the  creation  of  the 
project  AKT:  Advanced  Knowledge 
Technologies.  AKT  is  an  interdisciplinary 
research  collaboration,  funded  by  Britain’s 
EPSRC, to address the six knowledge challenges 
in an integrated fashion,  developing technology 
and  an  understanding  of  the  dynamics  of 
knowledge  within  an  organisation  or  firm  to 
facilitate the management of knowledge and the 
extraction of value from it. 
The  six  challenges  described  above  –  which 
every  knowledge  manager  will  recognise  –  are 
the organising principle behind AKT. The major 
technology  development  workpackages  within 
the  project  are  each  focused  on  one  of  these 
challenges. Of course, an integrated approach is 
essential, and other workpackages are devoted to 
ensuring  integration  between  the  approaches  to 
each  challenges,  and  to  ensuring  underlying, 
lightweight, flexible infrastructure support.  
To this end, the second focus of the AKT project 
is  on  a  number  of  testbed  scenarios.  These  are 
real-world  problems,  which  exist  independently 
of the project, to which we will apply our ideas, 
ensuring relevance, practicality and applicability. 
The challenges will drive our theory; the testbeds 
will drive the applications of that theory. 
It  can  be  seen  from  the  discussions  of  the 
knowledge  context  that  technology  is  already  part  of  the  problem.  The  Internet  is  a 
technological creation, and it is technology that will be required to get the most out of the new 
developments  of  the  semantic  web.  And  information  overload  is  caused  chiefly  by 
computational  storage  methods  multiplying  the  amount  of  knowledge  that  can  be  stored 
enormously  while  diminishing  the  costs  of  the  storage.  Whether  these  are  seen  as 
technological  problems  or  technological  opportunities,  it  is  clear  that  technology  is  an 
essential part of maximising the use of an organisation’s knowledge in the knowledge context 
we have described. 
 
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
 
￿
￿
￿
"
!
#
￿
$
￿
%
￿
&
￿
’
￿
(
￿
)
￿
*
￿
(
,
+
￿
-
.
+
,
/
￿
%
￿
0
￿
1
￿
2
3
(
,
%
￿
4
6
5
￿
%
8
7
:
9
 
(
 
;
=
<
>
;
?
<
>
@
A
(
C
B
D
)
￿
@
￿
+
￿
$
 
;
￿
+
￿
*
￿
(
E
G
F
I
H
K
J
"
L
M
L
J
I
N
O
H
G
P
R
Q
"
L
T
S
U
J
=
V
O
W
"
P
"
S
U
N
O
J
R
V
Y
X
[
Z
\
F
=
W
=
]
￿
L
J
I
^
=
_
"
J
‘
X
‘
a
R
Q
c
b
c
J
e
d
￿
Q
I
V
O
H
 
f
R
J
=
N
O
W
h
g
￿
J
￿
H
G
a
R
J
i
g
Y
Q
k
j
U
W
l
S
m
V
n
W
"
P
"
S
o
N
n
J
6
d
>
W
"
S
p
H
q
a
=
J
6
N
\
S
o
J
I
Q
I
H
G
r
W
"
F
6
W
=
d
b
=
Q
"
L
M
P
=
J
3
s
p
t
u
Q
l
S
v
Z
n
J
I
H
w
H
K
W
x
f
=
W
I
W
h
Z
e
S
U
Q
I
H
G
r
W
I
V
￿
W
=
d
y
d
z
r
M
S
G
g
￿
V
\
{
=
b
R
Q
"
L
M
P
=
J
I
V
e
a
R
Q
I
b
=
J
i
f
R
J
I
N
n
W
h
g
￿
J
￿
r
M
F
I
N
\
S
U
J
I
Q
=
V
\
r
M
F
R
_
|
L
}
￿
L
Q
"
S
o
_
?
J
‘
Q
I
V
‘
Z
\
F
c
W
I
]
8
L
J
R
^
"
_
=
J
a
=
Q
=
V
,
W
I
b
=
J
"
S
￿
H
K
Q
|
Z
~
J
"
F
￿
L
Q
"
f
=
W
T
P
?
S
￿
W
"
S
￿
N
~
Q
T
￿
"
r
H
K
Q
"
L
Y
Q
=
V
C
H
G
a
R
J
￿
f
c
Q
I
V
\
r
V
,
W
T
d
￿
N
n
W
h
g
￿
￿
R
J
I
H
G
r
H
G
r
b
=
J
￿
Q
R
^
T
b
=
Q
"
F
I
H
U
Q
=
_
T
J
￿
r
M
F
￿
^
"
J
I
b
R
J
l
L
W
"
￿
R
J
I
^
J
=
N
n
W
T
F
=
W
h
g
e
r
J
=
V
c
s
￿
I
a
=
Q
"
S
K
g
￿
Q
I
N
n
J
=
P
I
H
G
r
N
n
Q
"
L
V
\
￿
p
V
n
W
=
d
￿
H
K
]
 
Q
l
S
U
J
T
￿
m
d
>
W
=
W
I
^
?
V
k
￿
p
H
￿
J
"
L
J
I
N
n
W
"
g
‘
g
6
P
T
F
?
r
N
n
Q
\
H
G
r
W
"
F
R
V
e
X
‘
J
I
￿
=
Q
?
g
e
￿
"
L
J
T
V
￿
Q
"
f
I
W
"
P
?
F
I
^
￿
W
=
d
￿
￿
"
S
U
W
I
^
|
P
R
N
O
H
K
V
￿
Q
l
F
R
^
g
￿
Q
"
S
v
Z
n
J
\
H
K
V
￿
]
￿
a
=
J
"
S
o
J
￿
S
U
Q
T
]
￿
g
Y
Q
c
H
U
J
"
S
q
r
Q
"
L
V
￿
Q
"
S
U
J
x
W
T
d
w
F
R
J
I
_
h
L
M
r
_
|
r
M
f
"
L
J
‘
b
R
Q
"
L
M
P
=
J
‘
N
n
W
h
g
￿
￿
=
Q
"
S
o
J
I
^
i
H
K
W
‘
H
G
a
R
J
￿
Z
\
F
=
W
=
]
￿
￿
q
a
c
W
=
]
C
H
G
a
R
Q
I
H
 
_
?
W
T
J
R
V
r
M
F
I
H
K
W
￿
^
T
J
R
V
\
r
_
|
F
"
￿
￿
Q
I
V
n
V
O
J
h
g
￿
f
"
L
}
￿
Q
T
F
=
^
￿
g
￿
Q
"
S
G
Z
￿
J
c
H
G
r
M
F
R
_
y
s
￿
￿
￿
F
I
V
\
P
?
S
￿
￿
"
S
K
r
V
\
r
M
F
R
_
l
￿
6
H
G
a
R
J
"
F
"
￿
￿
H
G
a
R
Q
I
H
￿
Q
￿
S
o
J
=
N
O
J
"
F
I
H
￿
V
\
P
?
S
z
b
R
J
I
}
￿
r
M
F
,
H
q
a
c
J
￿
h
￿
n
￿
I
￿
?
￿
I
￿
‘
￿
￿
R
￿
￿
￿
O
￿
k
￿
p
s
o
￿
"
￿
=
s
￿
￿
?
￿
"
¡
￿
￿
?
L
Q
I
N
O
J
=
^
x
J
=
d
￿
d
>
J
=
N
¢
H
G
r
b
=
J
￿
Z
\
F
=
W
=
]
￿
L
J
=
^
=
_
T
J
￿
g
￿
Q
=
F
=
Q
=
_
=
J
"
g
￿
J
T
F
R
H
￿
Q
T
V
￿
W
=
F
=
J
x
W
=
d
m
H
K
a
=
J
‘
H
￿
J
"
F
D
J
=
V
n
V
O
J
"
F
￿
H
G
r
Q
"
L
S
U
J
T
£
"
P
?
r
M
S
￿
J
h
g
￿
J
l
F
￿
H
K
V
￿
W
=
d
￿
g
￿
Q
"
F
R
Q
T
_
=
J
h
g
￿
J
l
F
￿
H
 
r
M
F
￿
H
G
a
c
J
e
E
q
F
R
H
￿
J
"
S
q
F
c
J
\
H
u
Q
I
_
"
J
h
s
B
￿
#
￿
⁄
ƒ
¥
o
-
¤
§
￿
%
￿
%
￿
;
R
-
'
“
a
=
J
￿
W
"
S
K
r
_
|
r
M
F
c
Q
l
L
x
r
g
e
￿
R
J
c
H
K
P
=
V
￿
d
￿
W
"
S
‹
«
A
›
I
'
ﬁ
N
O
Q
h
g
￿
J
d
z
S
U
W
|
g
ﬂ
H
K
]
￿
W
,
]
￿
W
"
S
v
Z
n
V
k
a
c
W
l
￿
R
V
￿
a
=
J
"
L
^
￿
P
"
F
c
^
T
J
"
S
D
H
G
a
I
J
Q
=
J
I
_
h
r
V
–
W
=
d
￿
H
a
R
J
†
?
￿
n
‡
￿
·
?
￿
W
"
F
¶
‡
“
W
=
d
￿
H
￿
]
￿
Q
l
S
o
J
«
m
V
n
V
\
r
V
•
H
K
J
I
^
›
|
F
c
W
I
]
￿
L
J
I
^
"
_
=
J
«
￿
N
~
£
|
P
?
r
V
\
r
H
G
r
W
"
F
￿
K
‡
"
«
A
›
c
«
u
¡
O
s
l
‡
l
«
A
›
\
«
‚
E
 
]
￿
Q
I
V
e
a
R
J
"
L
^
x
Q
I
H
w
«
￿
f
"
r
M
F
R
_
"
^
?
W
T
F
r
M
F
„
“
W
I
b
=
J
h
g
e
f
R
J
l
S
￿
k
”
"
”
h
»
T
￿
P
?
F
=
^
=
J
"
S
H
G
a
I
J
N
n
W
=
W
"
S
o
^
|
r
M
F
c
Q
c
H
G
r
W
=
F
W
T
d
￿
I
S
￿
W
=
d
￿
J
=
V
O
V
n
W
"
S
…
y
J
"
S
o
J
h
Z
‡
y
L
J
=
J
"
g
￿
Q
T
F
“
s
u
E
‰
H
￿
f
"
S
U
W
l
P
R
_
h
a
I
H
￿
H
K
W
I
_
=
J
I
H
G
a
I
J
"
S
￿
L
J
T
Q
R
^
|
r
M
F
R
_
Q
=
N
n
Q
I
^
=
J
h
g
e
r
N
O
V
￿
Q
l
F
R
^
￿
r
M
F
=
^
"
P
=
V
O
H
G
S
K
r
Q
"
L
M
r
V
O
H
K
V
￿
d
z
S
U
W
"
g
¿
Q
F
?
P
h
g
￿
f
=
J
"
S
￿
W
=
d
￿
g
￿
Q
n
j
￿
W
"
S
`
f
"
L
M
P
R
J
￿
N
\
a
"
r
￿
ˆ
￿
K
J
h
s
˜
_
3
s
￿
￿
F
"
r
M
L
J
I
b
=
J
"
S
￿
￿
˘
¯
\
«
w
￿
￿
¯
I
'
3
￿
D
￿
“
￿
w
„
y
￿
￿
·
"
W
"
L
M
L
V
\
￿
·
?
W
I
}
=
N
O
J
"
¡
Q
"
F
=
^
˙
a
?
r
_
|
a
¨
H
￿
J
=
N
k
a
￿
d
z
r
M
S
G
g
Y
V
˚
￿
￿
J
3
s
_
m
s
¸
￿
p
W
I
_
"
V
O
}
=
V
n
￿
E
G
F
I
H
K
J
I
_
h
S
o
Q
"
L
u
‡
3
W
"
L
M
P
I
H
G
r
W
"
F
c
V
k
￿
￿
'
l
J
"
L
M
r
N
O
H
￿
J
=
N
n
a
"
￿
￿
￿
y
￿
￿
˝
k
¡
￿
H
K
W
^
h
r
V
n
N
k
P
=
V
n
V
H
G
a
R
J
S
￿
J
R
£
|
P
"
r
M
S
U
J
"
g
￿
J
"
F
I
H
￿
V
H
G
a
I
Q
I
H
r
M
F
c
^
|
P
=
V
¢
H
G
S
z
}
˛
]
￿
W
"
P
?
L
^
¤
]
8
r
V
\
a
ˇ
H
K
W
C
￿
?
L
Q
I
N
n
J
¤
W
T
F
ˇ
H
G
a
I
J
Z
\
F
c
W
=
]
8
L
J
I
^
?
_
=
J
i
H
￿
J
=
N
n
a
"
F
=
W
"
L
W
I
_
h
r
J
I
V
6
W
T
d
￿
H
G
a
R
J
￿
d
z
P
I
H
K
P
"
S
U
J
|
s
‡
"
«
 
›
I
«
—
E
￿
E
￿
￿
￿
a
I
J
"
L
^
.
Q
I
H
x
„
h
W
I
H
￿
H
G
r
M
F
R
_
|
a
R
Q
h
g
˙
r
M
F
￿
«
w
￿
?
S
q
r
M
L
￿
k
”
"
”
|
￿
P
T
F
c
^
=
J
S
￿
H
q
a
c
J
N
n
W
I
W
"
S
￿
^
h
r
M
F
I
Q
I
H
G
r
W
"
F
W
T
d
￿
I
S
U
W
T
d
￿
J
I
V
n
V
n
W
"
S
￿
„
y
r
_
=
J
"
L
￿
‡
y
a
=
Q
I
^
"
f
=
W
"
L
H
G
￿
`
r
M
F
I
b
c
W
l
L
b
c
J
I
^
L
J
=
Q
=
^
|
r
M
F
R
_
Z
\
F
c
W
I
]
8
L
J
R
^
"
_
=
J
H
U
J
I
N
\
a
"
F
c
W
l
L
W
R
_
T
}
Q
=
N
n
Q
I
^
=
J
h
g
e
r
N
O
V
¸
d
U
S
U
W
h
g
￿
H
G
a
I
J
￿
￿
u
›
h
￿
6
†
T
P
?
S
￿
W
T
￿
c
J
￿
Q
"
F
R
^
H
G
a
c
J
[
￿
p
‡
‹
r
M
F
D
^
h
r
V
n
N
\
P
R
V
n
V
\
r
W
"
F
I
V
￿
W
T
F
6
H
G
a
R
J
i
r
M
F
R
^
|
P
R
V
O
H
G
S
q
r
Q
"
L
S
U
J
=
£
l
P
?
r
M
S
￿
J
h
g
￿
J
"
F
\
H
K
V
H
G
a
I
Q
I
H
‡
"
«
A
›
\
«
E
a
c
Q
I
^
J
"
L
M
r
N
\
r
H
K
J
I
^
y
s
'
“
a
=
J
=
V
~
J
￿
g
￿
J
I
J
I
H
G
r
M
F
=
_
=
V
￿
r
^
=
J
l
F
R
H
G
r
d
z
r
J
I
^
￿
Q
￿
d
>
J
"
L
H
￿
F
=
J
R
J
I
^
]
￿
r
H
G
a
"
r
M
F
r
M
F
=
^
h
P
R
V
O
H
G
S
z
}
d
￿
W
S
«
m
^
T
b
R
Q
"
F
=
N
~
J
I
^
›
h
F
=
W
=
]
￿
L
J
I
^
=
_
"
J
'
?
J
=
N
\
a
T
F
c
W
"
L
W
I
_
|
r
J
=
V
Q
"
F
R
^
V
I
Z
n
J
I
H
U
N
\
a
I
J
=
^
￿
H
G
a
R
J
￿
r
M
F
I
H
U
J
"
L
M
L
J
T
N
O
H
K
P
=
Q
"
L
￿
Q
R
_
"
J
T
F
c
^
T
Q
￿
H
G
a
I
Q
I
H
J
I
b
=
W
"
L
b
=
J
I
^
x
r
M
F
I
H
K
W
￿
«
 
›
I
'
￿
s￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
 
￿
!
￿
"
￿
$
#
%
￿
&
￿
￿
’
(
￿
)
 
⁄
￿
(
￿
2
+
*
￿
$
 
%
￿
’
o
%
￿
*
-
,
￿
5
￿
%
￿
$
 
;
I
(
+
.
￿
;
￿
/
A
⁄
 
*
￿
(
,
/
￿
(
￿
7
￿
+
￿
$
 
;
"
<
￿
2
1
0
ﬁ
(
3
2
5
4
¶
+
￿
$
￿
)
—
B
￿
#
￿
⁄
'
“
a
=
J
7
6
x
W
l
S
K
L
^
8
6
˘
r
^
=
J
7
6
x
J
T
f
x
r
V
ƒ
N
\
P
?
S
q
S
o
J
"
F
R
H
G
L
}
6
Q
l
F
￿
J
l
F
c
W
"
S
K
g
￿
W
"
P
I
V
￿
V
O
W
"
P
"
S
U
N
O
J
6
W
=
d
￿
r
M
F
=
d
￿
W
"
S
v
g
￿
Q
\
H
G
r
W
"
F
"
￿
y
f
?
P
￿
H
￿
r
H
K
V
￿
Q
"
F
I
Q
"
S
U
N
\
a
"
r
N
￿
S
U
W
T
W
I
H
U
V
X
￿
H
G
a
=
J
S
U
J
I
Q
=
V
O
W
"
F
￿
d
￿
W
"
S
￿
r
H
K
V
‘
V
\
P
R
N
n
N
O
J
=
V
O
V
D
W
T
d
 
N
n
W
"
P
?
S
o
V
n
J
X
L
J
I
Q
I
b
=
J
P
R
V
‘
Q
"
L
V
~
W
￿
]
8
r
H
G
a
˘
Q
￿
H
K
Q
"
F
I
_
h
L
J
I
^
￿
V
k
￿
=
Q
R
_
|
a
R
J
I
H
￿
H
G
r
￿
6
x
J
T
f
“
s
3
'
“
a
R
J
6
‘
J
"
f
￿
r
V
‘
^
=
J
=
V
\
r
_
"
F
=
J
I
^
¸
d
>
W
"
S
￿
a
"
P
?
g
￿
Q
T
F
￿
N
n
W
=
F
=
V
\
P
?
g
￿
￿
R
H
G
r
W
"
F
"
￿
A
Q
l
F
R
^
H
G
a
R
J
￿
S
o
J
=
V
n
W
T
P
"
S
U
N
O
J
"
￿
G
a
R
J
=
Q
I
b
I
}
￿
Q
I
N
O
H
G
r
b
"
r
H
G
r
J
=
V
x
W
=
d
 
J
c
￿
R
H
G
S
￿
Q
I
N
O
H
G
r
W
"
F
Q
"
F
=
^
￿
r
M
F
R
H
￿
J
"
S
￿
￿
"
S
U
J
I
H
￿
Q
I
H
G
r
W
"
F
￿
W
=
d
8
r
M
F
c
d
￿
W
l
S
v
g
￿
Q
c
H
G
r
W
"
F
˘
Q
"
S
￿
J
￿
W
I
b
I
J
"
S
U
]
8
a
R
J
"
L
˜
g
e
r
M
F
R
_
|
L
}
￿
L
J
=
d
￿
H
￿
d
>
W
"
S
￿
H
G
a
=
J
￿
a
"
P
h
g
￿
Q
"
F
￿
P
=
V
~
J
"
S
•
s
￿
6
‘
J
"
f
￿
c
Q
I
_
=
J
Q
=
d
￿
H
K
J
l
S
￿
]
￿
J
T
f
￿
￿
R
Q
=
_
=
J
r
V
e
^
=
W
=
]
￿
F
"
L
W
I
Q
=
^
=
J
I
^
|
￿
￿
r
M
F
R
J
=
d
>
d
z
r
N
\
r
J
"
F
￿
H
G
L
}
￿
J
I
￿
=
Q
"
g
6
r
M
F
I
J
R
^
|
￿
 
a
"
P
?
S
q
S
K
r
J
I
^
h
L
}
￿
Q
I
V
n
V
~
J
T
V
~
V
n
J
I
^
￿
Q
"
F
R
^
￿
V
O
H
K
W
l
S
o
J
=
^
"
￿
A
Q
T
F
=
^
￿
"
S
U
W
T
f
c
Q
T
f
"
L
}
.
F
=
J
I
b
=
J
"
S
￿
L
W
=
W
h
Z
O
J
=
^
￿
Q
I
H
￿
Q
R
_
"
Q
"
r
M
F
h
s
￿
…
￿
r
V
O
H
G
S
q
r
M
f
?
P
￿
H
K
J
I
^
|
￿
￿
Z
\
F
c
W
I
]
8
L
J
R
^
"
_
=
J
"
￿
G
r
M
F
I
H
U
J
l
F
R
V
\
r
b
=
J
¸
]
￿
W
"
S
v
Z
\
￿
￿
Q
T
F
=
^
￿
H
q
a
c
J
‚
f
?
S
￿
W
=
Q
I
^
=
J
"
S
r
˜
g
e
￿
R
J
"
S
￿
Q
I
H
G
r
b
=
J
R
V
¤
W
T
d
‘
H
G
a
c
J
￿
Z
￿
F
=
W
I
]
￿
L
J
I
^
"
_
=
J
￿
J
I
N
n
W
"
F
=
W
?
g
￿
}
"
￿
￿
g
￿
J
=
Q
T
F
￿
H
G
a
c
Q
\
H
￿
W
"
S
￿
_
?
Q
"
F
"
r
V
n
Q
I
H
G
r
W
T
F
c
V
¤
]
8
r
M
L
M
L
￿
F
c
J
=
J
I
^
￿
H
K
W
￿
J
I
￿
T
￿
?
L
W
"
r
H
6
‘
J
"
f
:
9
￿
r
M
F
I
H
G
S
o
Q
"
F
R
J
c
H
ˇ
S
￿
J
I
V
n
W
"
P
?
S
o
N
n
J
I
V
￿
Q
=
V
￿
d
￿
Q
"
S
￿
Q
R
V
￿
￿
=
W
=
V
O
V
\
r
M
f
?
L
J
"
￿
￿
f
"
P
￿
H
￿
r
H
K
V
￿
d
￿
W
=
N
\
P
=
V
￿
W
"
F
￿
￿
"
S
o
J
I
V
n
J
=
F
I
H
K
Q
I
H
G
r
W
T
F
:
d
>
W
"
S
.
a
"
P
l
g
￿
Q
T
F
￿
=
J
"
S
o
N
n
J
T
￿
R
H
G
r
W
T
F
‘
r
M
F
c
N
\
S
￿
J
I
Q
=
V
~
J
I
V
￿
H
G
a
I
J
 
;
￿
r
M
F
=
d
￿
W
=
V
I
g
￿
W
T
_
h
{
R
d
>
W
"
S
A
g
￿
Q
=
N
k
a
?
r
M
F
=
J
"
￿
U
V
\
P
T
￿
?
￿
R
W
l
S
o
H
O
s
«
u
F
ˇ
J
c
b
c
W
l
L
M
P
R
H
G
r
W
T
F
ˇ
W
=
d
ƒ
H
G
a
R
J
<
6
x
J
T
f
"
{
V
￿
r
M
F
=
d
z
S
o
Q
=
V
O
H
G
S
￿
P
=
N
O
H
G
P
?
S
o
J
C
r
V
￿
S
o
J
T
£
"
P
?
r
M
S
￿
J
I
^
3
s
>
=
n
W
"
L
M
L
W
=
]
￿
r
M
F
I
_
￿
H
G
a
R
J
.
b
"
r
V
\
r
W
"
F
ˇ
W
T
d
?
6
A
@
R
￿
￿
{
V
￿
'
3
r
˜
g
¯
?
J
l
S
K
F
R
J
"
S
￿
V
\
￿
¢
˝
¢
J
R
J
l
￿
m
g
￿
W
I
b
I
J
=
V
￿
Q
"
S
￿
J
6
Q
=
d
>
W
R
W
c
H
u
H
K
W
i
g
￿
Q
h
Z
n
J
￿
H
G
a
I
J
D
N
O
W
"
F
=
N
~
J
T
￿
I
H
K
V
￿
P
=
F
=
^
=
J
"
S
q
￿
?
r
M
F
"
F
?
r
M
F
I
_
D
]
￿
J
T
f
￿
N
n
W
l
F
R
H
￿
J
"
F
￿
H
 
J
I
￿
=
￿
"
L
M
r
N
\
r
H
￿
￿
v
r
￿
s
M
J
3
s
g
￿
Q
=
N
k
a
?
r
M
F
=
J
"
￿
G
S
o
J
I
Q
=
^
=
Q
"
f
"
L
J
￿
Q
"
F
R
^
￿
r
M
F
I
H
K
J
"
S
￿
￿
?
S
￿
J
\
H
K
Q
=
f
"
L
J
"
¡
O
s
6
￿
\
P
R
H
￿
Q
l
F
c
W
\
H
G
a
R
J
"
S
x
]
￿
Q
c
}
?
￿
6
]
 
J
"
f
￿
￿
R
Q
T
_
=
J
I
V
￿
r
M
F
¤
H
G
a
c
J
￿
d
z
P
R
H
G
P
"
S
o
J
,
N
n
W
l
P
?
L
^
N
n
W
"
F
I
H
U
Q
l
r
M
F
B
;
Q
"
F
"
F
R
W
I
H
K
Q
\
H
G
r
W
"
F
=
V
\
{
p
H
G
a
R
Q
c
H
￿
J
I
￿
"
￿
?
L
Q
l
r
M
F
￿
H
G
a
R
J
￿
N
~
W
l
F
R
H
￿
J
"
F
I
H
Y
W
=
d
￿
H
G
a
R
Q
\
H
e
￿
c
Q
I
_
"
J
￿
r
M
F
￿
H
U
J
l
S
v
g
￿
V
i
H
G
a
R
Q
I
H
￿
Q
￿
g
￿
Q
=
N
\
a
"
r
M
F
R
J
￿
N
O
Q
"
F
P
"
F
c
^
=
J
l
S
U
V
•
H
K
Q
"
F
R
^
m
s
C
=
n
W
"
S
w
r
M
F
c
V
O
H
￿
Q
"
F
R
N
n
J
￿
D
· 
E
￿
￿
￿
B
F
h
H
K
W
‘
d
z
r
M
F
=
^
‘
Q
"
F
6
W
"
F
"
L
M
r
M
F
c
J
e
N
n
W
=
P
"
S
U
V
O
J
"
￿
“
}
=
W
T
P
D
V
O
J
=
Q
"
S
o
N
\
a
D
d
>
W
"
S
u
￿
=
W
I
V
n
V
\
r
f
"
L
J
‘
N
~
W
l
P
?
S
￿
V
~
J
[
￿
?
S
￿
W
I
b
"
r
^
=
J
"
S
U
V
k
￿
p
N
k
a
c
J
I
N
I
Z
￿
W
"
F
￿
H
G
a
R
J
"
r
M
S
V
O
H
K
Q
I
H
q
P
=
V
\
￿
p
^
=
W
=
]
8
F
?
L
W
I
Q
=
^
x
N
n
W
T
P
"
S
U
V
O
J
‘
^
?
J
I
H
￿
Q
"
r
M
L
V
\
￿
p
N
\
a
I
J
=
N
I
Z
￿
H
G
a
=
Q
\
H
 
H
G
a
R
J
I
}
￿
g
￿
J
I
J
\
H
 
}
=
W
"
P
?
S
￿
S
o
J
=
£
"
P
"
r
M
S
U
J
"
g
￿
J
"
F
￿
H
K
V
￿
Q
"
F
R
^
i
H
K
a
=
Q
I
H
w
}
=
W
"
P
d
z
P
"
L
d
z
r
M
L
M
L
￿
H
G
a
=
J
"
r
M
S
￿
V
\
￿
|
d
U
r
M
L
M
L
=
r
M
F
6
Q
"
F
6
Q
"
￿
?
￿
"
L
M
r
N
n
Q
\
H
G
r
W
"
F
6
d
￿
W
"
S
G
g
￿
Q
"
F
=
^
e
H
G
S
o
Q
"
F
R
V
n
d
￿
J
l
S
p
H
q
a
R
J
6
Q
T
￿
"
￿
?
S
￿
W
T
￿
?
S
q
r
Q
￿
H
K
J
e
d
z
P
"
F
R
^
?
V
c
s
· 
G
&
H
’
H
￿
I
￿
￿
F
“
}
=
W
"
P
‘
V
n
J
￿
H
￿
Q
T
F
D
Q
T
_
=
J
"
F
￿
H
 
H
K
W
i
L
W
=
W
h
Z
￿
d
￿
W
"
S
 
Q
=
F
=
^
￿
g
￿
Q
h
Z
n
J
x
P
I
V
n
J
D
W
I
d
￿
Q
‘
V
n
J
"
S
z
b
"
r
N
~
J
‘
]
￿
a
"
r
N
k
a
D
Q
=
N
n
N
O
J
R
V
n
V
O
J
=
V
￿
N
n
W
T
P
?
S
￿
V
~
J
￿
"
S
U
W
I
b
"
r
^
=
J
l
S
U
V
k
￿
6
b
=
J
I
H
U
V
C
L
M
r
˜
Z
n
J
"
L
}
￿
N
n
Q
T
F
=
^
h
r
^
"
Q
I
H
U
J
T
V
￿
P
c
V
\
r
M
F
I
_
￿
Q
l
F
c
W
I
H
q
a
=
J
"
S
[
V
n
J
l
S
￿
b
?
r
N
n
J
￿
Q
T
F
=
^
￿
d
z
r
M
F
R
Q
"
L
M
L
}
￿
S
U
J
I
H
G
S
q
r
J
I
b
R
J
T
V
.
N
n
W
"
P
"
S
o
V
~
J
^
"
J
I
V
n
N
\
S
K
r
￿
R
H
G
r
W
"
F
I
V
￿
Q
"
F
I
^
S
U
J
I
£
|
P
?
r
M
S
￿
J
?
g
￿
J
T
F
I
H
K
V
I
s
￿
J
h
W
"
P
?
S
ˇ
Q
I
_
"
J
T
F
R
H
¤
N
~
Q
l
F
￿
H
K
a
=
J
"
F
￿
￿
"
S
U
J
I
V
n
J
T
F
R
H
￿
}
=
W
"
P
ﬁ
]
￿
r
H
G
a
￿
Q
`
L
M
r
V
O
H
¤
W
=
d
N
n
Q
"
F
I
^
h
r
^
=
Q
c
H
U
J
=
V
￿
]
￿
a
"
r
N
k
a
￿
g
￿
J
R
J
c
H
u
}
=
W
"
P
"
S
 
S
U
J
I
£
|
P
?
r
M
S
o
J
h
g
￿
J
"
F
I
H
U
V
￿
Q
"
F
R
^
x
]
8
a
c
W
T
V
~
J
[
S
U
J
=
£
|
P
?
r
M
S
￿
J
"
g
￿
J
"
F
I
H
U
V
ƒ
}
=
W
"
P
￿
g
￿
J
I
J
I
H
G
￿
p
d
z
r
M
L
M
L
"
r
M
F
D
Q
"
F
Q
"
￿
T
￿
?
L
M
r
N
n
Q
I
H
G
r
W
T
F
¤
d
￿
W
"
S
v
g
ﬂ
Q
"
F
R
^
|
￿
Y
d
U
r
M
F
c
Q
"
L
M
L
}
"
￿
￿
J
?
g
e
￿
"
L
W
I
}
¤
Q
¤
V
~
J
"
S
z
b
"
r
N
~
J
￿
H
K
W
C
F
c
J
I
_
"
W
I
H
G
r
Q
I
H
￿
J
￿
￿
R
Q
I
}
h
g
￿
J
l
F
R
H
‘
H
￿
J
"
S
K
g
￿
V
¸
Q
l
F
R
^
¤
H
K
W
J
"
F
=
V
k
P
?
S
￿
J
￿
H
q
a
c
Q
I
H
￿
N
\
S
￿
J
R
^
|
r
H
u
Q
I
N
n
N
\
S
K
P
I
J
R
^
‘
d
z
S
￿
W
h
g
￿
W
I
H
q
a
c
J
l
S
u
r
M
F
R
V
O
H
G
r
H
G
P
I
H
G
r
W
"
F
R
V
Y
r
V
￿
S
o
J
=
N
n
W
I
_
h
F
"
r
K
O
J
R
^
m
s
￿
>
￿
￿
￿
L
￿
M
￿
N
￿
M
￿
￿
￿
￿
￿
￿
￿
O
￿
$
P
R
Q
￿
￿
￿
￿
&
￿
M
’
S
￿
T
￿
￿
￿
C
￿
￿
￿
￿
H
K
W
¤
^
h
S
q
r
b
c
J
￿
H
G
a
=
J
￿
S
U
J
I
£
|
P
?
r
M
S
o
J
|
g
￿
J
T
F
R
H
K
V
\
￿
￿
Q
"
F
R
^
￿
V
O
J
I
H
‘
H
G
a
R
J
,
V
O
H
￿
Q
"
F
R
^
"
Q
"
S
o
^
"
V
n
￿
6
d
￿
W
"
S
‘
H
G
a
R
J
‡
“
J
"
g
￿
Q
"
F
￿
H
G
r
N
3
6
D
J
T
f
￿
H
K
W
6
V
k
P
"
￿
=
￿
c
W
l
S
o
H
u
W
"
S
o
_
T
Q
"
F
?
r
V
n
Q
\
H
G
r
W
"
F
=
Q
"
L
?
Z
\
F
=
W
I
]
￿
L
J
I
^
?
_
T
J
x
g
￿
Q
l
F
c
Q
I
_
=
J
h
g
￿
J
"
F
I
H
¢
s
￿
=
n
W
"
S
w
r
M
F
c
V
•
H
K
Q
"
F
R
N
n
J
￿
D
· 
6
￿
a
"
r
M
L
J
a
=
Q
I
V
￿
H
G
a
R
J
U
6
‘
J
"
f
a
=
Q
=
V
￿
_
=
Q
I
H
G
a
R
J
l
S
o
J
=
^
￿
P
"
F
"
￿
?
S
o
J
I
N
n
J
I
^
=
J
"
F
I
H
U
J
T
^
¨
N
\
S
q
r
H
G
r
N
n
Q
"
L
¸
g
￿
Q
=
V
~
V
\
￿
￿
H
K
J
I
N
\
a
?
F
"
r
N
O
Q
"
L
M
L
}
￿
r
H
￿
r
V
J
I
￿
I
H
G
S
￿
J
?
g
￿
J
"
L
}
`
￿
"
S
K
r
˜
g
e
r
H
G
r
b
=
J
￿
Q
=
V
￿
Q
˚
a
I
}
?
￿
I
J
"
S
o
H
￿
J
I
￿
I
H
˛
V
O
}
=
V
O
H
￿
J
"
g
x
s
i
«
A
›
I
'
￿
g
￿
J
h
g
￿
f
R
J
l
S
U
V
￿
Q
"
S
o
J
￿
]
￿
W
"
S
q
L
^
L
J
T
Q
R
^
T
J
"
S
U
V
￿
r
M
F
￿
￿
P
!
Q
￿
￿
I
’
(
￿
￿
V
￿
’
W
￿
X
P
￿
￿
￿
’
(
￿
￿
Y
Z
￿
[
’
S
￿
￿
￿
&
’
?
￿
￿
￿
&
￿
￿
￿
A
￿
&
￿
C
￿
￿
￿
M
￿
￿
￿
￿
￿
￿
￿
￿
￿
&
￿
￿
￿
I
￿
!
￿
￿
￿
￿
￿
￿
￿
￿
￿
I
￿
&
’
\
￿
￿
￿
￿
￿
C
￿
‘
W
"
F
x
d
z
S
￿
W
?
g
￿
V
•
H
K
Q
I
H
G
r
N
￿
N
n
W
"
F
￿
H
K
J
T
F
R
H
Q
"
F
=
^
￿
;
_
"
W
I
H
K
W
"
{
T
L
M
r
M
F
l
Z
n
V
c
s
· 
E
‰
H
G
{
V
￿
d
z
r
M
F
=
J
H
K
W
￿
a
R
Q
I
b
=
J
.
g
￿
Q
I
N
\
a
?
r
M
F
I
J
"
￿
G
S
U
J
I
Q
=
^
=
Q
T
f
"
L
J
ˇ
g
￿
J
I
H
￿
Q
=
^
=
Q
I
H
K
Q
T
￿
￿
f
"
P
￿
H
]
￿
C
￿
￿
￿
^
’
(
￿
_
￿
￿
￿
&
#
(
￿
￿
￿
￿
￿
‘
￿
!
￿
C
￿
N
Y
a
￿
￿
￿
￿
￿
￿
￿
￿
￿
1
’
S
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
!
Q
￿
’
%
￿
]
’
S
￿
￿
￿
&
’
￿
’
S
￿
￿
￿
b
￿
c
Y
a
￿
&
’
(
￿
&
￿
"
￿
&
’
(
￿
d
Y
H
￿
￿
’
e
￿
￿
V
"
Q
I
￿
￿
￿
￿
￿
&
f
7
g
￿
F
I
H
U
W
T
L
W
=
_
|
r
J
=
V
￿
Q
"
S
o
J
‘
Q
‘
N
~
J
"
F
I
H
G
S
o
Q
"
L
=
N
n
W
h
g
￿
￿
=
W
T
F
c
J
l
F
￿
H
￿
r
M
F
H
G
a
=
J
‘
‡
“
J
"
g
￿
Q
=
F
I
H
G
r
N
 
6
D
J
l
f
=
￿
m
Q
l
F
D
Q
"
S
o
J
=
Q
￿
r
M
F
x
]
￿
a
"
r
N
\
a
￿
«
A
›
c
'
¸
g
￿
J
h
g
￿
f
R
J
"
S
￿
V
e
a
R
Q
I
b
=
J
i
f
c
J
I
J
"
F
D
]
￿
W
"
S
v
Z
\
r
M
F
=
_
￿
L
W
T
F
=
_
￿
f
R
J
=
d
>
W
"
S
U
J
e
H
G
a
R
J
6
‘
J
"
f
￿
J
h
g
￿
J
"
S
o
_
"
J
I
^
y
s
· 
«
 
›
I
'
￿
r
V
￿
Q
l
L
M
S
U
J
I
Q
=
^
T
}
¤
f
=
P
"
r
M
L
^
h
r
M
F
=
_
i
h
￿
￿
￿
￿
￿
￿
A
￿
M
￿
￿
￿
￿
￿
￿
￿
j
￿
k
￿
I
￿
￿
￿
T
￿
￿
￿
&
￿
¤
d
￿
W
"
S
￿
H
q
a
c
J
‘
6
‘
J
=
f
"
￿
￿
]
￿
r
H
G
a
ˇ
Q
I
_
"
J
"
F
￿
H
K
V
‚
F
R
J
=
_
"
W
￿
H
G
r
Q
c
H
G
r
M
F
R
_
]
8
r
H
G
a
￿
J
I
Q
=
N
\
a
¨
W
I
H
G
a
R
J
l
S
K
￿
ˇ
Q
"
F
R
^
S
U
J
I
Q
=
V
O
W
"
F
"
r
M
F
c
_
￿
Q
T
f
=
W
"
P
R
H
￿
H
G
a
R
J
￿
N
n
W
T
F
R
H
￿
J
"
F
I
H
￿
W
=
d
ˇ
W
l
F
R
H
K
W
"
L
W
I
_
|
r
N
~
Q
l
L
M
L
}
g
￿
Q
"
S
G
Z
￿
J
I
^
P
=
￿
S
￿
J
=
V
n
W
T
P
?
S
￿
N
~
J
=
V
c
s
· 
†
\
b
=
J
"
F
￿
r
d
y
]
￿
J
D
N
O
Q
"
F
￿
S
o
J
T
￿
?
S
￿
J
R
V
n
J
T
F
I
H
A
N
n
W
l
F
R
N
n
J
T
￿
R
H
￿
V
￿
J
c
￿
?
￿
"
L
M
r
N
\
r
H
G
L
}
"
￿
"
￿
c
￿
￿
￿
l
￿
b
￿
[
￿
￿
￿
￿
￿
￿
￿
￿
￿
B
’
(
￿
A
￿
￿
￿
B
￿
!
￿
O
￿
￿
’
\
￿
￿
￿
M
￿
[
h
!
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
m
H
￿
b
￿
C
￿
M
’
S
￿
T
￿
!
￿
￿
n
￿
#
%
￿
I
Y
a
￿
!
￿
O
￿
M
o
k
￿
&
’
S
￿
T
￿
!
￿
p
￿
!
￿
￿
￿
q
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
O
￿
C
￿
r
￿
Z
￿
I
h
￿
f
R
s
y
W
I
]
ﬂ
g
6
P
=
N
k
a
￿
N
n
W
"
F
R
V
n
J
T
F
=
V
\
P
R
V
¤
f
=
J
\
H
K
]
 
J
=
J
T
F
^
|
r
V
\
￿
R
Q
"
S
￿
Q
￿
H
K
J
i
￿
R
Q
l
S
o
H
G
r
J
I
V
6
g
e
P
R
V
O
H
w
H
G
a
R
J
"
S
￿
J
i
f
R
J
e
H
K
W
x
a
=
Q
I
b
I
J
x
V
~
W
|
g
￿
J
I
H
G
a
"
r
M
F
R
_
￿
P
R
V
n
J
T
d
z
P
?
L
u
t
￿
'
3
a
R
J
‘
‡
“
J
"
g
￿
Q
=
F
I
H
G
r
N
 
6
D
J
T
f
"
￿
u
L
M
r
˜
Z
n
J
e
H
G
a
R
J
6
‘
J
"
f
=
￿
y
r
V
￿
F
=
W
I
H
u
Q
￿
H
K
J
=
N
k
a
?
F
"
r
N
~
Q
l
L
R
V
O
}
=
V
O
H
U
J
h
g
A
D
y
r
H
 
r
V
ƒ
Q
￿
￿
R
￿
=
￿
O
￿
˜
￿
C
v
‰
￿
x
w
I
￿
S
y
"
￿
?
￿
˜
￿
{
z
k
|
=
V
O
}
=
V
O
H
K
J
"
g
x
s
I
«
 
›
I
'
￿
a
=
Q
I
V
￿
J
I
￿
"
￿
R
J
"
S
z
H
G
r
V
~
J
[
r
M
F
￿
H
G
a
c
J
N
n
W
=
_
l
F
?
r
H
G
r
b
=
J
¤
Q
T
F
c
^
¤
N
n
W
l
L
M
L
Q
=
f
=
W
"
S
o
Q
I
H
G
r
b
=
J
￿
^
?
J
"
g
￿
Q
T
F
c
^
T
V
¸
W
T
d
￿
P
=
V
\
r
M
F
R
_
,
d
>
W
"
S
v
g
￿
Q
"
L
￿
F
c
W
I
H
￿
Q
I
H
G
r
W
"
F
I
V
¸
Q
T
F
=
^
￿
H
K
W
=
W
"
L
V
Q
=
V
~
V
n
W
I
N
\
r
Q
I
H
￿
J
I
^
]
8
r
H
G
a
[
Z
\
F
=
W
=
]
￿
L
J
I
^
=
_
"
J
"
￿
q
f
c
Q
I
V
O
J
=
^
i
a
R
}
T
￿
c
J
"
S
K
g
￿
J
=
^
|
r
Q
h
s
'
“
a
=
J
￿
N
n
P
"
S
K
S
￿
J
"
F
￿
H
L
J
I
b
R
J
"
L
V
￿
W
=
d
i
S
U
J
I
V
n
J
I
Q
"
S
￿
N
n
a
￿
Q
l
F
R
^
￿
f
?
P
=
V
\
r
M
F
R
J
I
V
n
V
¤
r
M
F
I
H
￿
J
"
S
o
J
I
V
O
H
￿
r
M
F
,
H
G
a
I
J
￿
‡
h
J
|
g
￿
Q
"
F
I
H
G
r
N
<
6
‘
J
T
f
￿
S
U
J
=
d
U
L
J
=
N
O
H
￿
H
q
a
c
J
￿
"
S
U
J
I
V
n
V
\
r
M
F
R
_
F
R
J
=
J
I
^
￿
H
K
W
x
J
c
b
c
W
l
L
b
c
J
￿
Q
A
h
!
￿
C
￿
￿
￿
A
￿
T
￿
&
￿
￿
￿
￿
￿
￿
}
S
￿
￿
￿
k
￿
￿
￿
!
￿
+
￿
￿
￿
C
#
I
￿
&
￿
￿
’
I
\
H
￿
X
’
H
"
I
￿
m
s
p
E
￿
H
G
{
V
￿
J
=
Q
"
S
q
L
}
￿
^
=
Q
I
}
=
V
￿
}
c
J
\
H
G
￿
 
f
=
P
I
H
 
«
 
›
I
'
r
V
￿
Q
"
L
M
S
U
J
=
Q
I
^
T
}
D
^
"
J
I
J
=
￿
"
L
}
x
r
M
F
I
b
=
W
"
L
b
=
J
=
^
￿
r
M
F
x
r
M
F
I
H
K
J
"
S
q
F
c
Q
I
H
G
r
W
T
F
=
Q
"
L
=
J
=
d
￿
d
￿
W
"
S
z
H
K
V
n
￿
y
Q
"
F
R
^
￿
r
M
F
=
^
h
P
I
V
O
H
G
S
K
r
Q
"
L
=
N
n
W
"
L
M
L
Q
"
f
R
W
l
S
U
Q
I
H
G
r
W
T
F
D
]
8
r
H
G
a
x
P
c
V
￿
r
V
￿
Q
"
F
r
^
"
J
=
Q
"
L
“
]
 
Q
I
}
￿
H
K
W
￿
H
G
S
U
Q
I
N
I
Z
D
^
T
J
I
b
=
J
"
L
W
T
￿
l
g
￿
J
"
F
R
H
￿
V
\
￿
A
]
8
r
H
G
a
￿
H
q
a
c
J
￿
Q
=
^
=
^
|
r
H
G
r
W
"
F
R
Q
l
L
p
f
=
J
"
F
R
J
T
d
z
r
H
￿
W
=
d
 
W
"
P
"
S
￿
V
n
￿
=
J
I
N
\
r
d
z
r
N
‘
W
"
S
K
r
J
l
F
R
H
￿
Q
I
H
G
r
W
"
F
￿
H
U
W
Z
\
F
c
W
T
]
￿
L
J
I
^
?
_
T
J
￿
g
￿
Q
T
F
c
Q
I
_
"
J
"
g
￿
J
"
F
I
H
O
s
ˇ
˝
n
r
˜
Z
n
J
Q
"
F
R
}
H
￿
J
R
N
\
a
"
F
=
W
"
L
W
I
_
=
}
"
￿
.
H
G
a
R
J
￿
‡
h
J
"
g
￿
Q
"
F
￿
H
G
r
N
q
6
D
J
l
f
¨
]
￿
r
M
L
M
L
￿
F
c
J
I
J
I
^
￿
H
K
W
f
R
J
w
I
￿
]
~
C
w
￿
￿
k
￿
&
w
￿
￿
￿
r
M
F
￿
H
K
W
￿
Q
"
F
:
W
l
S
o
_
?
Q
T
F
"
r
K
n
Q
I
H
G
r
W
T
F
?
{
V
￿
J
I
￿
"
r
V
O
H
G
r
M
F
R
_
￿
r
M
F
=
d
z
S
U
Q
I
V
O
H
G
S
q
P
R
N
O
H
G
P
?
S
o
J
l
￿
¸
Z
\
F
R
W
=
]
8
L
J
R
^
T
_
?
J
￿
d
z
L
W
I
]
Q
T
F
=
^
￿
]
￿
W
"
S
G
Z
\
r
M
F
R
_
￿
"
S
U
Q
I
N
O
H
G
r
N
~
J
T
V
T
s
[
‡
“
J
I
J
￿
￿
>
￿
￿
￿
U
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
!
￿
[
￿
W
￿
!
￿
!
￿
C
￿
￿
￿
f
R
J
l
L
W
=
]
￿
￿
￿
d
￿
W
T
S
¤
g
Y
W
l
S
U
J
￿
^
"
J
￿
H
K
Q
l
r
M
L
V
\
￿
￿
￿
=
Q
"
S
o
H
G
r
N
\
P
?
L
Q
l
S
K
L
}
￿
W
"
F
￿
H
G
a
R
J
Z
\
F
c
W
T
]
￿
L
J
I
^
?
_
T
J
‘
L
M
r
d
￿
J
=
N
O
}
=
N
\
L
J
3
s
￿
￿
￿
￿
￿
k
h
￿
￿
I
￿
H
￿
C
￿
+
F
￿
￿
￿
y
￿
w
￿
￿
￿
w
I
￿
7
z
T
￿
l
￿
z
￿
˜
￿
￿
￿
>
w
￿
~
￿
￿
￿
￿
￿
￿
M
￿
￿
￿
￿
w
￿
￿
￿
￿
C
w
￿
￿
z
￿
k
v
￿
￿
￿
w
￿
w
￿
w
=
￿
!
z
k
|
M
￿
!
￿
p
￿
O
￿
M
w
\
￿
l
￿
z
￿
u
￿
>
￿
˜
￿
+
￿
u
￿
[
w
￿
￿
K
￿
˜
￿
{
z
=
￿
￿
￿
￿
￿
e
z
￿
￿
7
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
"
￿
￿
￿
b
￿
\
￿
￿
￿
￿
:
￿
￿
¡
￿
￿
¢
￿
￿
￿
￿
£
￿
⁄
e
￿
:
¥
ƒ
￿
￿
￿
£
:
￿
k
￿
$
￿
￿
§
￿
⁄
￿
¤
S
'
￿
“
X
“
￿
«
‹
¤
:
“
:
›
￿
“
￿
«
:
￿
￿
￿
￿
\
ﬁ
:
￿
‹
¤
:
“
X
›
￿
“
￿
«
\
ﬂ
X
￿
:
¥
￿
￿
X
￿
:
¥
O
￿
:
–
x
†
￿
:
￿
￿
￿
M
‡
￿
¡
￿
⁄
e
†
·￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
 
￿
!
￿
"
￿
$
#
%
￿
&
￿
￿
’
(
￿
￿
￿
Nevertheless, it is clear that we should have a view of the lifecycle of knowledge, and ensure 
that we can link our approach based on the six challenges to others’ understanding of the flow 
of  knowledge  in  their  institution.  We  have  already  discussed  how  the  six  challenges  are 
ubiquitous  within  knowledge  management  (and  in  the  Appendix  show  how  they  can  be 
mapped  onto  some  other  well  known  models).  As  a  further  structuring  principle,  we 
recommend  the  use  of  the  knowledge  engineering  and  management  methodology 
CommonKADS (see Further Reading) as a standard for documentation and  development. 
This does not mean that we advocate following the method precisely or completely, but it 
does constitute a clear, understandable and thorough amalgamation of software engineering 
and knowledge engineering. To that extent, it is a welcome advance in the field. 
In terms of infrastructure, the aim is for AKT to create a light infrastructure giving maximal 
freedom  and  Internet-accessible  API.  A  layered  approach  will  be  used  to  achieve 
interoperability. A ‘knowledge bus’ will mediate knowledge-level interoperability between 
applications, and work is underway to examine precisely what expressive power such a bus 
will need. The current version of the infrastructure, AKT-0, is web-based, using HTTP and 
RDF(S)to communicate knowledge about relevant concepts and instances between a web-
browser  and  an  ontology  service.  As  the  project  continues,  the  scope  and  scale  of  this 
infrastructure will increase dramatically and appropriately. 
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It  is  an  explicit  aim  of  the  EPSRC’s  Interdisciplinary  Research  Collaboration  (IRC) 
programme  to  encourage  imaginative  and  far-sighted  research.  Nevertheless,  the  AKT 
consortium  wishes  to  see  its  own  work  taken  up  and  used  as  cutting  edge  methods  for 
knowledge management and leverage in industry, government, science, etc. The aim is for the 
project to form the centre of an entire research programme; we wish to attract researchers in 
knowledge  management  and  knowledge  technologies  in  both  the  academic  and  industrial 
communities. We hope to bring interested parties together for related consortium-led research, 
partly by acting as a magnet for the best thinkers and thinking in the field, and partly by 
providing a conceptual framework in which the links between disparate research programmes 
are made clear. 